Endometriosis, disorder characterized by the presence of endometrium outside the uterus cavity, is associated with chronic pelvic pain. Nerve growth factor (NGF) participates in development, repair and survival of neurons. We evaluated NGF and nerve fibres in eutopic and ectopic endometria from women with endometriosis and in normal endometrium from control patients without endometriosis. In endometrium collected during surgery for endometriosis (paired eutopic and ectopic endometria, proliferative n = 6 and secretory n = 7 phases) or during tubal ligation or hysterectomy for no endometrial disease (control, proliferative n = 6 and secretory n = 6 phases), NGF and neurofilament (NF) of nerve fibres were studied by immunohistochemistry measuring integrated optical density (IOD). Cytoplasmic NGF was detected in glands and stroma in all control, eutopic and ectopic endometrial samples; no statistical differences were found throughout the menstrual cycle. However, total (gland plus stroma) NGF IOD was higher in eutopic than in ectopic endometria during the secretory phase. NF was detected only in ectopic endometrium being eutopic and control endometria negative to this antibody, and no differences were observed between proliferative and secretory phases. Negative and significant correlation was found between NGF and NF expression in ectopic endometria only during the secretory phase. In conclusion, our results show a significant negative correlation between NGF and myelinated nerve fibres in secretory ectopic endometria. NGF expression was not significantly modified throughout the menstrual cycle in control and in endometriosis, even higher in eutopic than in ectopic tissues; the NGF secretion from lesions to pelvic cavity cannot be ruled out, and could explain the negative correla-S. Venegas et al.
Introduction
Endometriosis is a gynaecologic disorder characterized by the presence of endometrial tissue outside the uterus cavity denominated as ectopic endometrium. Until now, the aetiology of this old disease is unclear, being the retrograde menstruation/transplantation theory the most accepted [1] - [3] . The most common localizations of the endometriotic lesions are in the peritoneum, the ovaries, the uterosacral ligaments and rectovaginal septum [4] .
In patients with endometriosis, dysmenorrhea, dyspareunia, dyschezia and chronic pelvic pain are frequent and produced by unknown mechanisms. The inflammatory condition is a consequence of the synthesis and release of several proinflammatory mediators from endometriotic lesions and immune cells to peritoneal fluid in the pelvic cavity and participates on pain and infertility associated to endometriosis [5] [6] . The high macrophage concentration reported in the peritoneal fluid from these patients is related with the increased nerve fibres density in the endometriotic lesions which are activated by the pro-inflammatory molecules secreted by the same macrophages [7] [8] .
The presence of nerve fibres in endometriosis patients has been shown in eutopic (intrauterine) and ectopic endometria, including ovarian endometriomas, peritoneal endometriotic lesions and deep infiltrating endometriosis, but almost undetectable in control endometria from healthy women [9] - [11] . This important finding leads to the proposal to use nerve fibres detection as a diagnostic method through minimal invasive biopsy of eutopic endometria [12] - [14] .
An elevated concentration of nerve growth factor (NGF) has been detected in peritoneal fluid from endometriosis women [15] . This peptide is structural and functionally related to the neurotrophins, a family with an important role in the development, differentiation and neuronal survival in both central and peripheral nervous systems. NGF is synthesized by various cell types including immune system, smooth muscle, cells of endocrine system as epithelial and non-neuronal ovarian cells [16] - [18] . In rat uterus, the NGF is related with innervations during the estrous cycle and estrogen positively regulates its synthesis [19] [20] . In human, information of NGF in healthy endometrium and eutopic endometrium from endometriosis women is scarce being the most reports in ectopic endometrium including peritoneal endometriotic lesions and deep infiltrating (DIE) endometriosis [21] - [25] .
Our objectives were to detect nerve fibres and NGF in healthy endometrium and in paired eutopic and ectopic endometria from Chilean women with endometriosis; and also to study the correlation between nerve fibres and NGF expressions.
Materials and Methods

Subjects
Endometrium (functional layer) obtained with a Pipelle suction curette from the uterine corpus, and ectopic endometrium removed during the surgery at the Clinical Hospital San Borja Arriarán from women undergoing laparoscopy for tubal sterilization or hysterectomy for no endometrial disease (controls, n = 12, 25 -46 years) or for endometriosis (endometriosis, n = 13, 22 -46 years). All patients signed informed consent; the institutional committee boards approved this study. Both eutopic and ectopic endometria were obtained from the same patient. The women did not receive hormonal treatment for at least 2 months before surgery.
Eutopic and ectopic endometrial samples were transported in ice-cold phosphate buffered saline (PBS) to laboratory where were washed with cold PBS. A portion was included in formalin/PBS for histological evaluation and immunohistochemistry. An experimental pathologist (FG) classified the endometria according to Noyes criteria in proliferative (days 6 -14, 6 control and 6 endometriosis) and secretory (days 15 -24, 6 control and 7 endometriosis) phases of the menstrual cycle and confirmed the presence of endometria in the endometriotic lesions in all samples.
Immunohistochemistry
Immunohistochemistry staining was performed on 4 µm formalin-fixed sections as described in Johnson et al. (2005) [26] with some modifications. Briefly, after deparaffinized with xylol and rehydrated through decreasing grade alcohol, all slides were treated with 1 mmol/L EDTA pH 8 in steamer for 20 min, quenched with 6% H 2 O 2 in methanol and blocked with 2% bovine serum albumin (BSA) in PBS for 1 h at room temperature. Then, the slides were incubated in humidify chamber with antibodies against to NGF (1:200, rabbit polyclonal antibody (ab6199) Abcam, Cambridge, UK) and to neurofilament (NF), specific marker for myelinated nerve fibres (1: 800, mouse monoclonal antibody (2F11), Cell Marque, Rocklin, CA, USA) at 37˚C for 1 h. The immunodetection was performed using streptavidin-biotin peroxidase system (ABC RTU Vectastain kit, Vector Laboratories, Burlingame, CA, USA) for 30 min, then, diaminobenzidine as a chromogen (Vector Laboratories) and hematoxylin as a counterstaining. Human spinal medulla was used as positive control and incubation with 2% BSA in PBS without the first antibody as negative control. The staining was evaluated by digitalization using the integrated optical density (IOD) tool from the Image Pro 6.3 software (Olympus, Melville, NY, USA) performed in at least 10 microphotographs from each sample obtained with Optical microscope Olympus BX51 and digital camera Q imaging Micro Publisher 3.3 RTV (Olympus). The illumination condition and amplification were similar in all measurements.
Statistical Analysis
Results are expressed in boxplot, which depicts numeral data through their quartiles, and whiskers vertical lines extended from the box indicating the data variability outside the upper and lower quartiles. For continuous variables was used Mann Whitney or Kruskal-Wallis followed by Dunn test. Spearman test was used for correlation study. The significance level was set at 5%. The age and BMI are expressed as the means ± SEM. GraphPad Prism 4.0 (GraphPath Software, San Diego, CA, USA) was used to conduct statistical analysis.
Results
Antropometric and Endometriosis Characteristic
No significant differences were found in age (p = 0.098) and body mass index (BMI; p = 0.524) between control and endometriosis women. Nine of the endometriosis patients had chronic pelvic pain and one had dysmenorrhea; in three patients with endometriosis and in all control women these symptoms were not assessed. The endometriosis stage (American Society for Reproductive Medicine, 1997) was III (43%) and IV (57%) and the lesions were localized in one or both ovaries in eleven patients, in the rectovaginal septum as nodules (RVN) in two patients, and concomitantly with these lesions in uterosacral ligaments (four with ovarian endometriosis and one with RVN) and in peritoneum (five with ovarian endometriosis and one with RVN) ( Table 1) .
Endometrial NGF Immunohistochemistry
NGF was strongly expressed throughout the menstrual cycle as a heterogeneous staining with small granulations in the gland and stromal cytoplasm of endometrium from control women (Figure 1(A) and Figure 1(B) ), and from endometriosis women: eutopic endometrium (Figure 1(D) and Figure 1(E) ) and ectopic endometrium in ovary (Figure 1(G) and Figure 1(H) ), in peritoneum (Figure 1(J) ), in RVN (Figure 1(K) ) and in inflammatory cells morphologically indentified as macrophages localized in ovarian, uterosacral ligaments and peritoneal lesions (Figure 1(M), Figure 1(N) and Figure 1 
(O)).
A constant NGF IOD was measured in the gland (Figure 2(A) ) and stroma (Figure 2(B) ) from control endometria during the proliferative and secretory phases. High dispersion data were obtained in the gland throughout the menstrual cycle and in the secretory stroma in eutopic and ectopic endometria from endometriosis women. No significant differences were observed between control and eutopic or ectopic endometria or between eutopic and ectopic endometria during the menstrual cycle. When the total positive NGF staining was analyzed, the IOD in eutopic endometrium was significantly higher than ectopic endometrium during the secretory phase (Figure  2(C) ). Figure 2 . Boxplot of IOD immunostaining of NGF protein in endometrial epithelial (A) and stromal (B) cells, and total NGF IOD (C) from control and endometriosis women during the menstrual cycle. Healthy (control), and eutopic and ectopic (endometriosis) endometria were obtained during the surgery. Proliferative phase: control (n = 6), eutopic (n = 6) and ectopic (n = 6) endometria. Secretory phase: control (n = 6); eutopic (n = 7) and ectopic (n = 7) endometria. IOD: Integrated optical density.
Nerve Fibres Immunohistochemistry
Positive brown staining for nerve fibres using NF antibody was detected in ectopic endometria from 12 endometriosis women (Figures 3(E)-(K)) ; ten of these patients reported pain; we did not have pain information from the other two cases. Only in one patient with ovarian endometriosis the NF staining was negative and the pain antecedent was not available. Nerve fibres were not detected in control endometria or in eutopic endometria from endometriosis patients throughout the menstrual cycle (Figures 3(A)-(D) ).
No significant differences were found in nerve fibres IOD analyzed in ectopic endometria during the menstrual cycle (Figure 4). 
NGF and NF Correlation
Significant negative correlation between NF and NGF in ectopic endometria was found during the secretory phase (Spearman r = −0.8857, p = 0.033), but not during the proliferative phase (Spearman r = −0.20, p = 0.71).
Discussion
In this study, we showed the presence of NGF in paired eutopic and ectopic endometria from women with endometriosis as well as in healthy endometria throughout the menstrual cycle. Nerve fibres were detected only in ectopic endometria from endometriosis women, and negative correlation between NGF and nerve fibres was found during the secretory phase.
Our results confirmed the presence of NGF in glandular and stromal endometrial cell compartments both from control and endometriosis women as previously was reported [25] [27] [28] . Recently, we communicated higher NGF mRNA expression in eutopic endometrium in women with RVN endometriosis than with ovarian endometriosis [29] . In the present study, we observed elevated NGF expression in eutopic and ectopic endometrial glands, although not statistically different to healthy endometria, probably as a consequence of the heterogeneity of the endometriosis group, which included ovarian and RVN endometriosis some of them combined with peritoneal or uterosacral ligament lesions. In the present, peritoneal, ovarian and rectovaginal endometriosis are being considered as different entities as several authors propose [30] - [32] , so to increase the sample number and to separate them according to localization of the lesion is a pending challenge. Besides, grouping the samples according early, middle and late proliferative and secretory phases would allow a more detailed analysis during the menstrual cycle. Recently, Mita et al. [33] reported in endometrial cell lines the inhibitory effect of progesterone through its receptors on NGF expression, aspect that we cannot observe during the secretory phase in this study. Similar levels of NGF protein and mRNA expressions were reported in eutopic endometria from women with and without endometriosis [25] [27], but lower levels in control endometria compared to endometriotic lesions [28] . As our knowledge, this is the first study with paired eutopic and ectopic endometria during the menstrual cycle. The finding of the reduced NGF expression in ectopic compared to its paired eutopic endometria was an unexpected result. At this respect, Kajitani et al. [28] proposed that endometriotic lesions not only synthesize NGF, but also secrete it to the pelvic cavity, coincidently with the high NGF concentration in the peritoneal fluid from these patients [15] . In this study, several cells with granular aspect and morphologically identified as macrophages, strongly expressed NGF in ovarian, peritoneal, uterosacral ligaments and RVN ectopic endometria, which is in agreement with the reported macrophages presence very close to endometriotic cells described in peritoneal endometriosis [8] . Consequently, NGF may induce the release of inflammatory cytokines from immune cells in the pelvic cavity which in turn may induce the synthesis of this growth factor [33] [34] . In addition, the known estrogenic microenvironment in eutopic and ectopic endometria in women with endometriosis [3] [34]- [36] may be also involved in the induction of the NGF expression in macrophages as Kanda et al. [37] reported. However, to confirm which types of immune cells are present in these tissues are necessary further studies.
Controversial results are reported respect to the presence of nerve fibres in eutopic endometria from endometriosis women. Nerve fibres are also detected in endometria from other pathologies such as adenomyosis, uterine fibroids and adhesions, particularly associated with pain [38] - [40] . It is known the strong association of endometriosis with pelvic pain, also confirmed in this study, in which all the patients that referred severe pain had NF positive nerve fibres in ectopic endometria. Our results using the NF antibody, which recognized myelinated nerve fibres [41] , show their presence in ectopic endometria, but not in the functional layer of eutopic endometria from women with and without endometriosis. Similarly to us, Tokushige et al. [21] using NF antibody did not detect these myelinated nerve fibres in these tissues, at difference to Bokor et al. [12] who detected them in a few eutopic endometrial samples from endometriosis (5%) and control (10%) women. The neural protein usually detected in eutopic endometrium is PGP9.5 by a pan antibody, which recognizes both myelinated and non myelinated nerve fibres [8] [12]- [14] [42] . Both results suggest the lack of myelinated nerve fibres in the functional layer of eutopic endometrium.
The eutopic endometrium expresses several abnormal genes and once in the pelvic cavity presents the capacity of implantation, invasion, growth and neoangiogenesis similarly to neoplasia [43] - [45] . In this pelvic inflammatory microenvironment, the development of the endometriotic lesions is favoured, as also of the nerve fibres. The peritoneal fluid from endometriosis women induces the development of thick bundles of nerves fibres in chicken dorsal root ganglia, effect not reproduced by peritoneal fluid from control women [46] . Furthermore, NGF, besides to stimulate the nerve fibres development, may be involved in the pain associated with endometriosis. This factor may induce the nerve stimulus conduction in pain sensitive conducer fibres [47] . On the other hand, NGF and its precursor proNGF co-exist in vivo, but NGF is rapidly secreted by the cells, unlike proNGF, which is retained in the cell cytoplasm [48] - [50] . The significant negative correlation found between NGF and NF in ectopic endometria during the secretory phase supports the idea that in this type of endometria NGF predominate over pro-NGF. We cannot rule out the possibility of higher proNGF presence in eutopic than ectopic endometria, considering the dual specificity of the NGF antibody that recognized both, mature and immature molecules. It will be necessary to analyze others nerve fibres markers with others antibodies.
The strength of this work is the study of both paired eutopic and ectopic endometria from the same patient and their comparison with control endometria; unfortunately, the detection of only two antigens and the reduced number of samples are weaknesses.
In synthesis, our results show a significant negative correlation between NGF and myelinated nerve fibres in secretory ectopic endometria. NGF expression was not significantly modified throughout the menstrual cycle in control and in endometriosis, even higher in eutopic than in ectopic tissues; the NGF secretion from lesions to pelvic cavity cannot be ruled out, and could explain the negative correlation observed. Although NF and NGF are not useful as diagnostic markers for endometriosis, their expression may be related to endometrial physiology and pathophysiology of the disease.
